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Central Pamir-Alai, which is located almost entirely within the area of Tajikistan, is one of the world 
hotspots of biodiversity, harbouring ca. 4,300 species and 1,400 endemic plants. The first application 
of the IUCN Red List criteria reveals that among all native species occurring in Tajikistan 1,627 taxa 
(38.11%) are threatened, including 23 extinct (0.54%), 271 (6.34%) critically endangered (CR), 717 
(16.79%) endangered (EN) and 639 (14.96%) vulnerable (VU). Globally, 20 taxa are extinct, 711 
(16.65%) threatened, including 144 (3.37%) critically endangered, 322 (7.54%) endangered and 245 
(5.73%) vulnerable. As we found positive correlation between human density and the number of 
threatened species, we suspect this indirect factor responsible for the species diversity decline. Extinct 
or threatened taxa have short blooming periods in spring or early summer, have limited geographical 
range and inhabit mainly valley bottoms at lower altitudes. Threatened taxa occupy extremely dry or 
wet habitats, such as deserts, semi-deserts, water reservoirs and fens. The group of threatened plants 
consists mostly of Central Asian, Indo-Indochinese and Arctic species. Ornamental plants have a higher 
extinction risk than other plants, but species collected for medicinal reasons and used for forage or food 
reveal lower retreatment rate. Our assessment fills a gap for important plant area and provides the data 
for raising the effectiveness of plant diversity conservation.
Species diversity loss still remains one of the main imperatives of our time and therefore one of the main topics of 
scientific studies. Currently, hundreds of plant species and many habitat types are globally threatened1,2. A range 
of factors are responsible for these declines, with human population growth, habitat fragmentation and climate 
change regarded as the most crucial3. The continuing decline of plant diversity demands continuous research on 
evaluation of the conservation status of flora with the use of comprehensive International Union for Conservation 
of Nature (IUCN) criteria (www.iucnredlist.org). These criteria are widely recognised as the most comprehensive 
tool for assessing the global conservation status of species and categorising plants according to their estimated 
risk of extinction (e.g. Orsenigo et al.4, Maes et al.5). As the most effective conservation actions, policies and law 
implementation take place at the national scale, numerous countries have established national lists of threatened 
species with the use of IUCN criteria and guidelines at regional levels (Rossi et al.6). Despite some biases and 
shortcomings of scientific foundations7, red lists are widely accepted as an appropriate measure for setting con-
servation priorities. In some countries, including Tajikistan, they also have a legal status and directly influence 
the state governance of the plant diversity8. However, based on the information available in the National Red List 
Database9, almost 20% of Eurasian countries still have no available red lists for vascular plants, as well as studies 
on threatened species being generally underrepresented10.
The territory of Tajikistan, with its phytogeographical complexity, is extremely diverse in terms of climate, 
landscape and habitat conditions. This has resulted in speciation of many altitudinal and ecological vicariants 
that occur in many cases in single, isolated valleys or mountain ridges (e.g. within Scutellaria or Asperula genera). 
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According to the ten-volume study of the flora of the former Soviet Tajik Republic11–20 supplemented by the works 
of Zakirov21, Tzvelev22, Ikonnikov23 and more recently by, for example, Nobis et al.24,25 and Nowak & Nobis26, 
the vascular flora of the Pamir-Alai consists of ca. 4,300 species assigned to 116 families. Approximately 30% of 
vascular plants species known from Tajikistan are generally accepted as endemics27.
Because of its floristic richness, the territory of Tajikistan is recognised by Conservation International as a 
hotspot of biodiversity28 and, simultaneously, is regarded as the most sensitive to climate change and biodiversity 
loss29. But still only twelve species from this country are listed as globally threatened (e.g. Darvaz dogwood Swida 
darvasica and wild apple Malus sieversii). Additionally, Middle Asian mountainous temperate forests and steppes 
are regarded as a vulnerable ecoregion of the world30.
Despite the extraordinary floristic richness, there is still no credible and valid information as to how many 
vascular plant species, especially endemics, are threatened in Tajikistan, which regions of the country are the 
richest in endangered plants, and which factors affect this threat the most. The red books of the country, con-
secutively issued in 1988 and 2015, include first 209 and then 239 threatened vascular plants31,32. These numbers 
are surprisingly low, given that the threats from urbanisation, agriculture and climate change in Tajikistan are 
extremely high.
The specific aims of our research was to (1) compile the preliminary checklist of vascular plant species of 
Tajikistan from all available sources, (2) to evaluate the threat status of all native plant taxa in Tajikistan using 
the IUCN guidelines and criteria, (3) to highlight the threat status of Tajiks endemics at a global level, (4) to find 
out the relation of a particular endangered group to biological, ecological and climatic factors such as habitat, 
altitude, life form, blooming season, endemism status and flower colour, and (5) to identify the subregional hot-
spots of threatened flora in the territory of the country. Our study is a comprehensive completion of the former 
approaches, providing the first assessment of the whole flora for the country in the Mountains of Central Asia 
biodiversity hotspot.
Material and methods
Study area. Tajikistan covers 143,500 km2 and is a typically mountainous country, with more than 50% of the 
area located above 3,000 m a.s.l. According to the bioclimatic classification, the study area can be classified within 
the Mediterranean type of macrobioclimate33. However, recent research on the southwestern and Central Asian 
bioclimate suggests that the Irano-Turanian bioclimatic zone should be distinguished by higher continentalism, 
lower precipitation, a longer dry season and lower winter temperature minima34. The area has a generally high 
level of solar insolation (2,090–3,160 hours of sunshine), as well as a low percentage of cloud cover, high-ampli-
tude annual temperatures and moderate humidity and precipitation, with the exception of the spring period when 
there is a considerable amount of rainfall. In the alpine belt of high mountains the climate is much harsher, with 
the average temperatures in July between 9.7° and 13.5 °C. Annual precipitation ranges in the western Pamir-Alai 
from ca. 350 mm (Zeravshan Mts.) to ca. 600 mm in the Hissar Range (in some locations up to 2,000 mm). In 
the western part of the country, the lower limit of permanent snow is at an altitude of 3,500–3,600 m a.s.l.; in its 
eastern regions, at 5,800 m a.s.l.35–37.
Species checklist and red list data. As there is no available checklist of vascular plants, the first stage of 
the study was to compile the checklist of all vascular plants that have ever been reported from the territory of 
Tajikistan. The main source of information was the ten-volume flora of the country with several important sup-
plementations11–23. This produced 138,203 records coming from the research between 1880–1985. Additionally, 
the authors used the data from the phytosociological research stored in the Vegetation of Middle Asia data set, 
with 26,357 records from 2006–201938,39. We also used data from our herbarium collections gathered during 
34 field surveys (2006–2019) stored in KRA (Jagiellonian University) and OPUN (Opole University) as well as 
40 herbaria, with the four most important (TAD, LE, TASH and KHOR; herbarium codes after Thieris40) being 
visited personally by the authors or asked for specimen loans. We include in our checklist species with reliable 
distributional data. Lower level taxa (varieties and forms) as well as hybrid taxa were excluded to avoid misinter-
pretation. Similarly, some alien species reported by Nowak et al.41 as recent newcomers to the country were also 
excluded from the analyses.
As only herbarium stations and phytosociological records were georeferenced, we used the geobotanical divi-
sion at subregional level (26 units; Fig. S1a) to visualise the distribution of the taxa42. The assessments were 
mostly based on criterion B1 (extent of occurrence), however when consistent data on population size, number 
of locations or trends were available, other criteria were also applied (i.e. A, B2, C, and D1). The extent of occur-
rence was defined using the minimum convex polygon method which determines the area contained within the 
shortest continuous imaginary boundary that can be drawn to encompass all the subregions occupied by a taxon. 
The glaciers and ice fields were excluded from the count. The area of occupancy (criterion B2) was defined as the 
area within the Extent of Occurrence (EOO) currently occupied by a given taxon. To apply sub-criteria under 
the criterion B, distribution data have been used to define the number of locations and the occurrence of severe 
fragmentation for each taxon according to IUCN1 guidelines. Following IUCN guidelines, for the endemic plants 
of Tajikistan we consider the national threat status as global one – showing the importance of our research for a 
global evaluation of the plants’ endangerment.
The severe fragmentation has been evaluated by estimating the fraction of the taxon occurring in isolated 
populations. A distance of 50 km was set as a general isolation threshold4. For estimating continuing decline, 
historical habitat or population trends were considered when available; in the absence of such data, the evaluation 
was founded on expert judgment. A taxon was considered extinct (EX) if it was not recorded during the last 50 
years, when recent field surveys focused on finding the species in its historical area of occurrence were unsuccess-
ful and, simultaneously, that its typical habitat(s) was/were assessed as the most threatened in Tajikistan (riverside 
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forests, alpine forests, broad-leaved forests, meadows and pastures, xerothermophilous shrubs, riverbed shrubs 
and xerothermophilous dwarf bushes27).
The data on altitudinal and geographical distribution of the species as well as life form (according to 
Raunkier), phenology, flower colour, habitat preferences and usefulness were extracted from the ten-volume 
flora of Tajikistan and field surveys of the authors (particularly habitat requirements, Table S1). Based on the 
collected data, we have prepared diagrams showing the proportions of species of different threat categories 
in relation to all the variables. In the graph with the elevation gradients referred to as CR, EN and VU threat 
categories, we used normalisation of data using z-scores expressed as standard deviations from the average for 
a given threat category. In addition, Kruskall–Wallis test and a posteriori Dunn’s test were performed to check 
the differences in flowering duration between the threat categories. The correlation between the number of 
species with the threat category CR, EN, VU, RE, EX and the median population density of each geobotanical 
subregion in Tajikistan was calculated using Pearson’s correlation. Visualisations and tests were prepared in R 
version 3.5.143. Phytogeographical division and elements were applied after Grubov44 and Takhtajan45 supple-
mented by Nowak et al.41. Species nomenclature mainly followed Cherepanov46.
Results
The list of Tajik vascular plants comprises 4,269 species and subspecies (Table S1). Thirty-two taxa are recognised 
as extinct in the country, including 20 endemics which, therefore, are categorised as extinct globally, e.g. Allium 
pauli, Bellevalia atriviolacea, Crataegus darwasica, Echinops pseudomaracandicus, Gagea minutissima, Hedysarum 
cisdarvasicum, Juno tadshikorum, Onobrychis gontscharovii, Ranunculus mogoltavicus and Tulipa anisophylla. 
These plants were known only from a single location (with the exception of Crategus darwasica), mainly in xero-
thermophilous shrubs, alpine swards and riverside forests and bushes.
At a national level, 1,627 taxa (38.11%) have been assessed as threatened, including 271 (6.34%) critically 
endangered (CR), 717 (16.79%) endangered (EN) and 639 (14.96%) vulnerable (VU) (Fig. 1a). Globally, 711 taxa 
(16.65%) have been classified as threatened, including 144 (3.37%) critically endangered, 322 (7.54%) endangered 
and 245 (5.73%) vulnerable (Fig. 1b).
Considering the near threatened (NT) species, 671 taxa (15.71%) have been assigned to this category at a 
national level, and 296 plants (6.93%) at a global one. Overall, the highest percentage of the taxa have been 
assessed as not demanding current conservation and classified as least concern (LC): 1,754 (41.08%) at a national 
level, and 3,067 taxa (71.84%) at a global one.
Seventeen taxa have been assigned to the data deficient (DD) category as no credible records were found or 
their taxonomic status was questionable. A group of 169 species was identified as alien species to the flora of 
Tajikistan and not evaluated (NE).
The species richness is not evenly distributed across geobotanical subregions in Tajikistan (Fig. S1b). 
The highest number of species is observed in Zeravshanian B (1,499 taxa), Hissaro-Darvasian A (1,440), 
South-Tajikistanian B (1,407) and South-Tajikistanian A (1,324)41.
The number of endangered and extinct species increases along with the increase in population density in each 
geobotanical subregion (Fig. S6).
The majority of the extinct (RE + EX) species were linked with the densely populated Syr Darya River Valley 
(Prisyrdarian subregion) and the Pyandzh River Valley (West Pamirian subregion; Fig. 2a). In both cases this 
group of taxa did not exceed 1% of the total species’ number of each subregion.
The number of threatened species (CR + EN + VU categories) varies across the country, ranging from 
37 to 280 taxa per subregion (Fig. 2b). The highest number of such taxa was noted in the species-rich South 
Tajikistanian B subregion, an area strongly influenced by agriculture. The highest proportion of the threat-
ened flora was found in the West Pamirian B (26%), South Tajikistanian A (22%) and Alaian (20%) subregions 
(Fig. 2b).
Figure 1. Number of species of threat categories for the flora of Tajikistan at (a) national and (b) global level.
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The highest proportion of the near threatened (NT) taxa was found in the East Tajikistanian C and 
Hissaro-Darwasian B subregions and the entire Zeravshan region, accounting for more than 50% of the total 
species’ number of each subregion (Fig. 2c).
With regard to the vertical distribution, the highest number of threatened species (CR + EN) was indicated for 
lowlands and colline zone (Fig. S2). There was an interesting exception for vulnerable (VU) taxa, with the number 
of threatened species lower than average between 1,400–3,000 m a.s.l., and above 3,000 m a.s.l. (Fig. S2).
The altitudinal distribution of the red-listed taxa depends on the elevational range of a particular subregion. 
The biggest proportion of threatened (CR + EN + VU) taxa was noted for lowlands and colline belts in Southern 
Tajikistan C, Prisyrdarian, Mogoltavian as well as for the high altitude areas in Alai and plateaus of Eastern Pamir 
(Fig. 3a,b).
Generally, threatened (CR + EN + VU) taxa are linked with extremely dry or wet habitats, such as deserts and 
semi-deserts, water bodies, mires and fens, where they can reach up to 65% of the total number of species. On 
the other hand, the lower proportions of threatened taxa are noted in anthropogenic habitats (orchards, ruderal 
places), juniper forests, dry meadows and xerothermophilous shrubs (Fig. 4b).
Extinct species (RE + EX) in Tajikistan are related mostly to juniper forests as well as xerothermophilous and 
xeric shrubs (Fig. 4a).
The extinction risk of the species does not depend to a large extent on their growth form. However, there is 
a clear prevalence of nanophanerophytes, chamaephytes and cryptophytes in the threatened (CR + EN + VU) 
category and megaphanerophytes in the extinct (EX) group (Fig. S3).
The critically endangered (CR) and endangered (EN) species bloom mainly in June, while the flowering peak 
of the extinct (RE + EX) plants was noted in May. The least concern (LC) and near threatened (NT) species are 
typically summer plants (Fig. 5a). More threatened and extinct taxa have a shorter flowering period than the 
non-threatened plants (Fig. 5b).
The extinct (RE + EX) species belong mainly to Pluriregional and Irano-Turanian phytogeographical elements. 
The group of threatened plants (CR + EN + VU) consists mostly of Central Asiatic (EI-T), Indo-Indochinese 
and Arctic taxa. The least concern (LC) species have a core distribution area in the Himalayan subprovince and 
Mediterranean province (Fig. S4).
An analysis of usage types in relation to threat categories indicates that ornamental plants (with beautiful 
large flowers and attractive colours) have a higher extinction risk than other plants. Similarly, this group was the 
most frequent in already extinct taxa. Plants collected for medicinal reasons, as well as species used for forage and 
food, reveal a lower threat level (Fig. S5a). The difference between the threat level of exploited and non-exploited 
species is lowest for the least concern taxa. Overall, the higher the threat level, the lower the proportion of the 
exploited plants (Fig. S5b).
Figure 2. Percentage of species with (a) RE and EX, (b) CR, EN and VU threat categories and (c) percentage of 
threatened species (pie charts) in 26 phytogeographical subregions. Note that the species with RE + EX threat 
category on map (c) are not visible due to its negligible share.
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Discussion
Significance of plant diversity threat assessment and conservation in Tajikistan. After the exclu-
sion of anthropophytes, in total 4,160 species and subspecies have been assessed, which is a sample of around 50% 
of native species of Middle Asian flora (including Uzbekistan, Kyrgyzstan and Kazakhstan). This figure includes 
1,273 exclusive endemics of Tajikistan, from which 20 are globally extinct and 144 critically endangered. As only 
twelve species from Tajikistan are included in the IUCN global red listing (6 CR, 3 EN and 3 VU, additionally 2 
NT, 18 DD47), these numbers indicate the degree of under investigation of the conservation status in this valuable 
area of the world. This difference is particularly striking if we compare this region to other countries located in 
other biodiversity hotspots. In Italy, for example, 108 species were assessed to the CR, EN and VU categories, in 
India – 398 species, and in Indonesia – 481 species1. The Tajik’s natural heritage is under severe threat from cli-
mate change, habitat fragmentation and degradation caused by intensive grazing, population growth and unsus-
tainable use of natural resources. All these phenomena and human activities have to be reflected in the threat 
status of the country flora, raising the numbers of endangered and vanished species in Tajikistan.
Human population density – a prime suspect responsible for the loss of plant diversity?. The 
human population of the country is still increasing; since the middle of the last century this has been about 
six-fold48 and this can have a serious impact on the biodiversity49. Simultaneously the pastoral economy and the 
number of livestock has increased significantly50. Currently, in Tajikistan, 160,000 people depend on livestock 
production, whereas the potential carrying capacity of the area is between 3 and 5 times lower51. Livestock farm-
ing and grazing is highlighted as a major threat to vascular plants in many countries, particularly those with a 
pastoral culture (e.g. Bilz et al.52). One of the highly fragile subregions that face extinction (EX, RE categories) are 
the two river valleys of Syr-Daria (Prisyrdarian) and upper Pyandzh. Both are intensively used for agriculture, 
and natural habitat types have suffered significantly in the last millennia.
Comparing the extinct taxa with the threatened ones (CR + EN + VU), some key differences emerge. 
Considering critically endangered, endangered and vulnerable plants, the larger subregions such as West 
Pamirian B, South Tajikistanian A and Kuraminian reveal the highest changes; these regions have a great number 
of habitat types, high diversity of plant species and are still considerably changed by human population. Human 
activity in these areas consists not only of agriculture but also mining and grazing. An extensive part of the 
Figure 3. Percentage of the (a) extinct (RE, EX) and (b) threatened taxa (CR, EN, VU) in phytogeographical 
subregions (see Fig. S1a) with regard to its vertical span. Abbreviations: Kuram – Kuraminian, MogolTal 
– Mogoltausian, Prisyr – Prisyrdarian, Turk_A – Turkestanian A, Turk_B – Turkestanian B, Zer_A – 
Zeravshanian A, Zer_B – Zeravshanian B, Zer_C – Zeravshanian C, GD_A – Hissar-Darvasian A, GD_B – 
Hissar-Darvasian B, GD_C – Hissar-Darvasian C, GD_D – Hissar-Darvasian D, GD_E – Hissar-Darvasian E, 
GD_F – Hissar-Darvasian F, S_Tajik_A – South Tajikistan A, S_Tajik_B – South Tajikistan B, S_Tajik_C – South 
Tajikistan C, S_Tajik_D – South Tajikistan D, E_Tajik_A – East Tajikistan A, E_Tajik_B – East Tajikistan B, E_
Tajik_C – East Tajikistan C, W_Pam_A – West Pamirian A, W_Pam_B – West Pamirian B, W_Pam_C – West 
Pamirian C, E_Pam – East Pamiraian, Alajsk – Alaian.
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land – particularly in the South Tajikistanian subregion – is urbanised. In the cases of the most natural regions, 
such as the East Pamirian and Alaian, the high proportion of threatened plants is influenced by the considerable 
uniqueness of its flora and the great number of species that occur exclusively in these regions (15.3% and 8.8% of 
unique species in the subregion, occupying respectively the first and third position in the country; Fig. S7). The 
same pattern is observed in the South Tajikistanian C and A, Kuraminian and Prisyrdarian regions, with 11.2%, 
5.6%, 7.8% and 6.4% of unique species, respectively. With regard to the EOO criterion, they gain a higher risk of 
extinction in the country (Fig. 2b).
Traditionally, mountain agro-pastoralism in Central Asia has been based on altitudinal transhumance, con-
nected with livestock seasonal mobility up and down the slopes that allows for regrowth of pasture plants and is 
important for vegetation conservation50,51. Nowadays, privatisation of livestock is leading to changes in herding 
patterns; due to economic problems (including the high cost of transport and the poor condition of the roads), 
livestock are no longer moved to the more distant and highest pastures for summer grazing and stay longer in the 
Figure 4. Percentage of the (a) extinct (RE, EX) and (b) threatened taxa (CR, EN, VU) in particular habitat 
type.
Figure 5. (a) Percentage of species with different threat categories with regard to their blooming season and (b) 
the duration of flowering period for the particular threat group (RE + EX, CR, EN, VU, NT, LC; Kruskal–Wallis 
test, chi-squared = 560.65, df = 5, P < 0.001). Different letters indicate significant differences among the threat 
groups and error bars represent standard deviation.
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valleys and plains50,51. It is possible that these changes have influenced the relationship observed by us, i.e. that the 
highest number of threatened species (CR + EN) is associated with lowlands and colline zones (Fig. 3).
The influence of the density of settlements is also apparent when we observe the elevation pattern of the 
threatened plants’ share. The lowlands, valley bottoms and winter pastures are the most impacted in terms of flora 
withdrawal (Fig. 3). For critically endangered and endangered taxa, the threshold altitude at which the share is 
higher than average is at ca. 3,000–3,200 m a.s.l., and for vulnerable taxa not much higher. This reflects the distri-
bution of human population and, to some extent, the transformations of the habitats (Fig. S6).
When looking at the habitat requirements of extinct taxa, it is clear that the forest and shrub species are the 
most impacted (Fig. 4a), particularly those located in the upper montane belt just below the tree line. This can 
be related to overgrazing of forests and intensive, however irregular, forestry. A decrease in fuel and coal supply 
resulted in their price rise, hence the people are forced to use slow-growing shrubs for heating and cooking51. 
Around 50% of the forests have disappeared in the past 100 years in Tajikistan, causing massive soil erosion 
and increased risk of landslides. Several types of riverside forests, e.g. stands of Fraxinus sogdiana, Populus pru-
inosa, Platanus orientalis, have almost entirely vanished. This, in combination with soil erosion and overgrazing, 
strongly hampers the reestablishment of tree stands. Grazing often leads to denudation and soil degradation and 
consequently to desertification53, which almost excludes the potential recovery of natural forest vegetation and 
fails to sustain the populations of forest taxa. The second group most affected is grassland flora along all the altitu-
dinal belts (from colline dry meadows up to the alpine swards and forbs). In this case, the main factor responsible 
is connected with overgrazing.
Climate change vulnerability. The mountains of the Pamir-Alai are particularly sensitive to climate 
change due to the low adaptive capacity of its ecosystems29. Projections suggest a significant increase in tempera-
ture along with rainfall decline during the spring, summer and autumn seasons54. This, in combination with the 
drop of shepherding efficiency, may lead to further degradation of the vegetation cover. Moreover, desertification 
causes considerable threats to Tajik flora37 as the average temperature in the southern regions of the country 
rises by ca. 1 °C. Climate change in Central Asia is already noticeable via glacier melting in the higher elevations. 
During the twentieth century, the glacier area of the Tian Shan and Pamir-Alai decreased by 25–35%, which 
clearly indicates warming55,56.
Considering the threatened species (CR + EN + VU), the most endangered group is related to extreme hab-
itats such as water bodies, deserts and semi-deserts (Fig. 4b). It is commonly known that these types of habitats 
are fragile to climate change57,58. In fact the authors observed a serious decline of shallow saline lakes in the upper 
altitudes and strong pollution in lower rivers and water bodies in the lowlands. In addition, the share of threat-
ened species in the phytogeographical groups to some extent highlights the effect of climate change, as the highest 
proportion of threatened taxa has its origin in Central Asia – a much colder and more temperate region than the 
Irano-Turanian or Mediterranean (Fig. S4). Plants adapted to colder environments reveal a stronger withdrawal 
tendency than those from warmer climates (e.g. Saharo-Sindian). Interestingly, the pluriregional and cosmopoli-
tan taxa take advantage in the group of extinct taxa when its share is considered – examples are Crassula aquatica 
or Poa infirma that have a wide range, but in Tajikistan occur in single locations. However, as the number of spe-
cies is accounted for, the most numerous group is clearly the Irano-Turanian that reflects the rarity of the number 
of taxa that are endemic to Tajikistan and harbored by distinct and threatened habitats41.
More attractive plants and spring bloomers with a shorter flowering period face a higher risk of 
extinction. As was expected, species with alluring, beautiful flowers are at higher risk of extinction. The Tajik 
tradition is to harvest beautiful flowers from the wild and sell them along roads or at markets, and also cultivate 
plants in their home gardens. This love for nature and beauty unfortunately poses a higher threat to the local 
flora. The peak of the bulb trade is still a long way behind (e.g. tulips), however there is still an intensive harvest 
from the wild or simple smuggling of bulb plants, putting many of them at a high risk of extinction (e.g. Eremurus 
albertii, E. korovinii, E. pubescens, Fritillaria eduardii). These kind of threats are known as the most important risk 
factors for ornamental plants that are contributing to their decline59,60.
The early blooming plants in Tajikistan are relatively more threatened than the other groups of taxa. This 
pattern is not so evident, however considering the extinct and vulnerable taxa we can find the shift towards the 
beginning of the vegetation season. There are few available data on the extinction risk relation to the flowering 
functional traits based in the whole flora analysis. In the US, a comparison of common and rare taxa showed 
that an earlier and longer blooming was typical for common taxa61. The same result was found for Finland’s 
red-listed taxa – with the late bloomers more threatened62. This is contrary to our findings in respect of blooming 
period, however fully in accordance when considering flower duration. Probably the differences are due to the 
considerably distinct traditional harvest of early spring flowers in Tajikistan, if compared to the controlled situ-
ation – regulated by strict law – in the US and Finland. It can be also related to very variable altitudinal gradient 
across Tajikistan, whose total denivelation reaches more than 7,000 m a.s.l. Such a topography strongly influences 
the seasonal variation of the vegetation. The long-lasting spring and related flower harvest begins in February 
in south-western parts of the country and ends in early July in eastern plateaus of the high Pamir Mountains, 
impacting a lot of species across an extensive area. An explanation of a lower threat level of long flowering plants 
still requires more detailed study and would probably have to involve a range of correlated factors such as human 
impact on short blooming geophytes, plant-pollinator interactions and investment in sexual reproduction63.
Useful plants are less threatened than those neglected in the human economy. Local people 
in Tajikistan commonly harvest a great number of native plants for different purposes. Many people rely on tra-
ditional medicinal plants to prevent and cure health disorders64. Despite the fact that harvesting of useful plants 
can cause a considerable threat to the flora65, in Tajikistan the usage of medicinal and food plants still seems to 
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be traditional and sustainable, without having a strong influence on the local flora. Probably it is also due to the 
harsh mountainous relief of the country, with many unavailable and inaccessible lands where no harvest is pos-
sible. Another reason that the species used in traditional medicine and the local cuisine are less threatened may 
be the overrunning effect of other threats (land development, urbanisation, climate change), if compared to other 
regions. However, the rapid changes in the Tajik economy, infrastructure and population may have deteriorating 
effects on that sustainable balance.
The need for improving plant diversity conservation in Tajikistan. In the Pamir-Alai, large pro-
tected areas have been established in recent decades that cover ca. 22% of the country’s territory37; however, only a 
few are devoted particularly to floristic diversity conservation. Additionally, a number of programmes and strat-
egies have been developed to enhance biodiversity conservation and management of protected areas, although in 
practice they are insufficiently managed because governmental institutions are not able to monitor and manage 
all the valuable plant populations and vegetation types. The compilation of a comprehensive endangered species 
list will hopefully improve this situation. Raising the effectiveness of conservation in Pamir-Alai needs urgent 
action plans with the establishment of specific priorities for the hotspots of plant diversity. The identification 
of micro-hotspots (currently under preparation by the authors) within the global hotspot of the Mountains of 
Central Asia is necessary, particularly for the most threatened ecosystems such as forests and grasslands.
The need for a stronger national administration must also be emphasised to deal with biodiversity conserva-
tion, which must involve the provision of financial support by international organisations. At a national level, the 
system of nature conservation should be improved so as to take better account of centres of endemism, improv-
ing the connectivity of the ecological network and enhancing the adaptive capacity of the most sensitive areas 
by ensuring a balance between traditional management practices and the economic growth of local economies. 
All these aforementioned points would not be achievable without a thorough inventory of current species dis-
tribution, analyses of their population sizes and phenology changes. This knowledge is an indispensable but still 
neglected step in conservation actions in Tajikistan.
Data availability
All data generated or analysed during this study are included in this published article (and its Supplementary 
Information Files).
Received: 25 October 2019; Accepted: 25 March 2020;
Published: xx xx xxxx
References
 1. IUCN. Guidelines for using the IUCN redl list categories and criteria. Version 13. Prepared by the Standards and Petitions 
subcommittee, http://www.iucnredlist.org/ (2017).
 2. Janssen, J. A. M. et al. European Red List of Habitats. Part 2. Terrestrial and freshwater habitats. (Publications Office of the European 
Union, 2016).
 3. Gilman, S. E., Urban, M. C., Tewksbury, J., Gilchrist, G. W. & Holt, R. D. A framework for community interactions under climate 
change. Trends Ecol. Evol. 25, 325–331 (2010).
 4. Orsenigo, S. et al. Red Listing plants under full national responsibility: Extinction risk and threats in the vascular flora endemic to 
Italy. Biol. Conserv. 224, 213–222 (2018).
 5. Maes, D. et al. The use of opportunistic data for IUCN Red List assessments. Biol. J. Linn. Soc. 115, 690–706 (2015).
 6. Rossi, G. et al. Is legal protection sufficient to ensure plant conservation? The Italian Red List of policy species as a case study. Oryx 
50, 431–436 (2016).
 7. Popov, I. et al. Effectiveness of ‘Тhe IUCN red list of threatened species’ application on a regional scale: current state of the ‘Red Data 
books’ of Russia. Biol. Commun 62, 57–60 (2017).
 8. Keller, V. & Bollmann, K. From red lists to species of conservation concern. Conserv. Biol 18, 1636–1644 (2004).
 9. Zoological Society of London. National Red List Database, https://www.nationalredlist.org/ (2019).
 10. Di Marco, M. et al. Changing trends and persisting biases in three decades of conservation science. Glob. Ecol. Conserv. 10, 32–42 
(2017).
 11. Ovchinnikov, P. N. Flora Tadzhikskoi SSR. T. I, Paprotnikoobraznye - Zlaki. (Izdatelstvo Akademii Nauk SSSR, 1957).
 12. Ovchinnikov, P. N. Flora Tadzhikskoi SSR. T. II, Osokovye - Orkhidnye. (Izdatelstvo Akademii Nauk SSSR, 1963).
 13. Ovchinnikov, P. N. Flora Tadzhikskoi SSR. T. III, Opekhovye - Gvozdichnye. (Izdatelstvo Nauka, 1968).
 14. Ovchinnikov, P. N. Flora Tadzhikskoi SSR. T. V, Krestotsvetne - Bobovye. (Izdatelstvo Nauka, 1978).
 15. Ovchinnikov, P. N. Flora Tadzhikskoi SSR. T. IV, Rogolistnikovye - Rozotsvetnye. (Izdatelstvo Nauka, 1975).
 16. Ovchinnikov, P. N. Flora Tadzhikskoi SSR. T. VI, Bobovye (rod Astragal). (Izdatelstvo Nauka, 1981).
 17. Chukavina, A. P. Flora Tadzhikskoi SSR. T. VII. Zontichnye - Verbenovye. (Izdatelstvo Nauka, 1984).
 18. Kochkareva, T. F. Flora Tadzhikskoi SSR. T. VIII. Kermekovye - Podorozhnikovye. (Izdatelstvo Nauka, 1986).
 19. Kinzikaeva, G. K. Flora Tadzhikskoi SSR. T. IX. Marenovye - Slozhnotsvetnye. (Izdatelstvo Nauka, 1988).
 20. Rasulova, M. R. Flora Tadzhikskoi SSR. T. X, Slozhnotsvetnye. (Izdatelstvo Nauka, 1991).
 21. Zakirov, K. Z. Flora i rastitelnost bassejna reki Zeravshan. Vol. 2, konspekt flory. (Izdatelstvo Akad. Nauk Uzbek. SSR, 1961).
 22. Tzvelev, N. N. Zlaki SSSR, (Nauka, 1976).
 23. Ikonnikov, S. S. Notulae ad floram Pamir & Badachschan. Novisti Sist Vyss. Rast 20, 187–195 (1983).
 24. Nobis, M. et al. Contribution to the flora of Asian and European countries: new national and regional vascular plant records, 8. Bot. 
Lett. 166, 163–188 (2019).
 25. Nobis, M., Gudkova, P. D., Nowak, A., Sawicki, J. & Nobis, A. A synopsis of the genus Stipa (Poaceae) in Middle Asia, including a key 
to species identification, an annotated checklist and phytogeographical analyses. Ann. Misouri Bot. Gard. 105 (in press) (2020).
 26. Nobis, M. & Nowak, A. New data on the vascular flora of the central Pamir Alai Mountains (Tajikistan, Central Asia). Polish Bot. J 
56, 195–201 (2011).
 27. Nowak, A., Nowak, S. & Nobis, M. Distribution patterns, ecological characteristic and conservation status of endemic plants of 
Tadzhikistan - A global hotspot of diversity. J. Nat. Conserv. 19, 296–305 (2011).
 28. Mittermeier, R. A., Turner, W. R., Larsen, F. W., Brooks, T. M. & Gascon, C. Global biodiversity conservation: the critical role of 
hotspots. In Biodiversity Hotspots – Distribution and Protection of Conservation Priority Areas (eds. Zachos, F. E. & Habel, J. C.) 3–22 
(Springer, 2011).
9Scientific RepoRtS |         (2020) 10:6235  | https://doi.org/10.1038/s41598-020-63333-9
www.nature.com/scientificreportswww.nature.com/scientificreports/
 29. Baettig, M. B., Wild, M. & Imboden, D. M. A climate change index: Where climate change may be most prominent in the 21st 
century. Geophys. Res. Lett. 34, L01705 (2007).
 30. Olson, D. M. & Dinerstein, E. The Global 200: A Representation Approach to Conserving the Earth’s Most Biologically Valuable 
Ecoregions. Conserv. Biol. 12, 502–515 (1998).
 31. Narzikulov, M. N. Red Date Book of Tajik SSR. (Publishing Hause ‘Donish’, 1988).
 32. Hisorev, H. Red Date Book of Tajikistan - Plants. (Izdatelstvo Donish, 2015).
 33. Rivas-Martínez, S., Rivas-Sáenz, S. & Penas, Á. Worldwide bioclimatic classification system. Glob. Geobot 1, 1–638 (2011).
 34. Djamali, M., Brewer, S., Breckle, S. W. & Jackson, S. T. Climatic determinism in phytogeographic regionalization: A test from the 
Irano-Turanian region, SW and Central Asia. Flora Morphol. Distrib. Funct. Ecol. Plants 207, 237–249 (2012).
 35. Latipova, W. A. Kolichestvo osadkov. In Atlas Tajikskoi SSR (eds. Narzikulov, I. K. & Stanyukovich, K. W.) 68–69 (Akademia Nauk 
Tajikskoi SSR, 1968).
 36. Narzikulov, I. K. & Stanyukovich, K. W. Atlas Tajikskoi SSR. (Akademia Nauk Tajikskoi SSR, 1968).
 37. Safarov, N. National strategy and action plan on conservation and sustainable use of biodiversity. (Governmental Working Group of 
the Republic of Tajikistan, 2003).
 38. Nowak, A. et al. Vegetation of Middle Asia – the project state of art after ten years of survey and future perspectives. Phytocoenologia 
47, 395–400 (2017).
 39. Bruelheide, H. et al. sPlot – A new tool for global vegetation analyses. J. Veg. Sci. 30, 161–186 (2019).
 40. Thiers, B. Index Herbariorum. A global directory of public herbaria and associated staff. New York Botanical Garden’s Virtual 
Herbarium, http://sweetgum.nybg.org/science/ih (2019).
 41. Nowak, A., Nowak, S. & Nobis, M. Phytogeography and vegetation in the Pamir-Alai Mountains (Middle Asia: Tajikistan) in Plant 
biogeography and vegetation of high mountains of Central and South-West Asia (ed. Noroozi, J.) (Springer Verlag, 2020).
 42. Goncharov, N. F. Rajony flory Tadshikistana i ich rastitelnost. Flora Tadzhikistana. (Izdatelstvo Nauka, 1937).
 43. R Core Team. R: A language and environment for statistical computing, https://www.r-project.org/ (2019).
 44. Grubov, V. I. Schlussbetrachtung zum Florenwerk ‘Rastenija Central’noj Azii’ [Die Pflanzen Zentralasiens] und die Begründung der 
Eigenständigkeit der mongolischen Flora. Feddes Repert 121, 7–13 (2010).
 45. Takhtajan, A. L. Floristic Regions of the World. (University of California Press, 1986).
 46. Cherepanov, S. K. Plantae Vasculares URSS. (Nauka, 1995).
 47. IUCN. The IUCN Red List of Threatened Species. Version 13. http://www.iucnredlist.org/ (2019).
 48. United Nations. Department of Economic and Social Affairs, Population Division, World Population Prospects 2019. https://
population.un.org/wpp/Download/Standard/Population/ (2019).
 49. Wilson, E. O. The current state of biological diversity in Biodiversity (eds. Wilson, E. O. & Peter, F. M.) 3–18 (Natl. Acad. Press, 1988).
 50. Kerven, C., Steimann, B., Ashley, L., Dear, C. & ur-Rahim, I. Pastoralism and Farming in Central Asia’s Mountains: A Research 
Review. MSRC Background Paper No. 1. September 2011. http://www.ucentralasia.org/downloads/pastoralism_and_farming_in_
central_asia_mountains (2011).
 51. Breu, T. & Hurni, H. The Tajik Pamirs: Challenges of sustainable development in an isolated mountain region. (Geographica Bernensia 
and Centre for Development and Environment, 2003).
 52. Bilz, M., Kell, S. P., Maxted, N. & Lansdown, R. V. European Red List of Vascular Plants. (Publications Office of the European Union, 
2011).
 53. Breckle, S.-W. & Wucherer, W. Vegetation of the Pamir (Tajikistan): Land Use and Desertification Problems. in Land Use Change and 
Mountain Biodiversity (eds. Spehn, E., Liberman, M. & Körner, C.) 227–239 (CRC Taylor & Francis, 2006).
 54. Solomon, S., Qin, D. & Manning, M. Climate change 2007: the physical science basis. Contribution of Working Group I to the Fourth 
Assessment Report of the Intergovernmental Panel on Climate Change. (Cambridge University Press, 2007), https://doi.org/10.1017/
CBO9781107415324.004.
 55. Zemp, M. et al. Global Glacier Changes: facts and figures Contents. Human Development (2008).
 56. Makhmadaliev, B. et al. National action plan for climate change mitigation. (Tajik Met Service, 2003).
 57. Vale, C. G. & Brito, J. C. Desert-adapted species are vulnerable to climate change: Insights from the warmest region on Earth. Glob. 
Ecol. Conserv. 4, 369–379 (2015).
 58. Heino, J., Virkkala, R. & Toivonen, H. Climate change and freshwater biodiversity: Detected patterns, future trends and adaptations 
in northern regions. Biol. Rev 84, 39–54 (2009).
 59. Phelps, J. & Webb, E. L. ‘Invisible’ wildlife trades: Southeast Asia’s undocumented illegal trade in wild ornamental plants. Biol. 
Conserv. 186, 296–305 (2015).
 60. Corlett, R. T. Plant diversity in a changing world: Status, trends, and conservation needs. Plant Divers 38, 10–16 (2016).
 61. Ames, G. M., Wall, W. A., Hohmann, M. G. & Wright, J. P. Trait space of rare plants in a fire-dependent ecosystem. Conserv. Biol. 31, 
903–911 (2017).
 62. Lahti, T., Kemppainen, E., Kurtto, A. & Uotila, P. Distribution and biological characteristics of threatened vascular plants in Finland. 
Biol. Conserv. 55, 299–314 (1991).
 63. Fréville, H., McConway, K., Dodd, M. & Silvertown, J. Prediction of extinction in plants: Interaction of extrinsic threats and life 
history traits. Ecology 88, 2662–2672 (2007).
 64. Kassam, K. A., Karamkhudoeva, M., Ruelle, M. & Baumflek, M. Medicinal Plant Use and Health Sovereignty: Findings from the 
Tajik and Afghan Pamirs. Hum. Ecol. 38, 817–829 (2010).
 65. Hamilton, A. C. Medicinal plants, conservation and livelihoods. Biodivers. Conserv. 13, 1477–1517 (2004).
Acknowledgements
The authors wish to thank F. Abdurakhimova and Dilshoda Yakubova from the Nature Protection Team 
Dushanbe for their assistance and help in organising the expeditions. The project was funded by the National 
Science Centre, Poland grant no. 2018/29/B/NZ9/00313 and partially by grant no. 2017/25/B/NZ8/00572; the 
research of A. Wróbel was supported by the Polish Ministry of Science and Higher Education via the Diamond 
Grant programme (no. 0207/DIA/2018/47).
Author contributions
A.N., S.Ś. and M.N. planned the research, A.N., M.N., S.Ś., S.N., Ag. N., A.W. and E.K. conducted data collection, 
A.N., S.N., M.N. and S.Ś. completed the data tables, while S.Ś. performed the statistical analyses and visualisations. 
All the authors participated in the writing of the manuscript.
Competing interests
The authors declare no competing interests.
1 0Scientific RepoRtS |         (2020) 10:6235  | https://doi.org/10.1038/s41598-020-63333-9
www.nature.com/scientificreportswww.nature.com/scientificreports/
Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-63333-9.
Correspondence and requests for materials should be addressed to S.Ś. or M.N.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020
